modification. However, multisample modeling procedures indicated that the pattern of factor loadings was significantly different among the groups in most cases.
showed that the depressive syndrome occurs not only in affective illness, but also in the vast majority of subjects with prodromal schizophrenia. Furthermore, the depressive syndrome is also common in organic brain diseases (OBDs), such as stroke [9] and dementia [10] .
The presence of similar negative and depressive syndromes in different diagnostic settings has also encouraged hypotheses about the neurobiological 'final common pathway' of the depressive syndrome, which often feature disturbances of striatal and frontal circuitry [9, 11] .
If the negative and depressive syndromes represent valid cross-diagnostic dimensions reflecting common underlying functional abnormalities in the brain, then they should retain similar forms in different diagnostic settings. Preliminary evidence based on the use of exploratory factor analysis of the Positive and Negative Symptom Scale (PANSS) in heterogeneous populations of outpatients with major depressive disorder (MDD) [12] and OBD [13] supports this notion. These promising data are tempered by a study of schizophrenic and bipolar patients in acute psychotic episodes, which found that exploratory factor analysis of PANSS cluster scores in these groups yielded differences in both the negative and depressive factor structures [14] . This discrepancy highlights the need for more precise approaches for the assessment of the stability of the negative and depressive syndromes across diagnoses.
Although our study is not the first to explore the hypothesis of cross-diagnostic syndromal dimensions, we are aware of no confirmatory factor analyses (CFA) that compare negative and depressive syndromes in individuals with different neuropsychiatric disorders, except for one report demonstrating that a five-factor model, including both negative and depressive syndrome factors, had the highest goodness of fit index for a mixed population of subjects with schizophrenia, delusional disorder and bipolar disorder [15] . This model is similar to many five-factor solutions in factor analytic studies of schizophrenic subjects [16, 17] . Thus, the results of the study indirectly provide further support for a dimensional approach to psychiatric diagnosis, which includes negative and depressive syndromes.
To determine how robust the negative and depressive syndromes are in different diagnostic settings, we used CFA of data obtained by administering PANSS to subjects with schizophrenia, OBD and major depression. We hypothesized that we would find a model that fits well for both syndromes in all groups and that both syndromes would not differ significantly among the groups.
Materials and Methods

Subjects
Three subject cohorts were studied: patients with schizophrenia, MDD and OBD.
Subjects with Schizophrenia A total of 305 elderly (mean age 75.7 years, SD = 7.0, 44% male) poor-outcome inpatients with a lifetime research diagnosis of schizophrenia were studied. A full description of the diagnostic procedure is presented in Davidson et al. [18] . Patients met DSM-III-R criteria based upon the lifetime medical record, interviews with collateral informants and the patients themselves. Exclusion criteria were: a diagnosis of schizophreniform and schizoaffective disorder, history of mental retardation, active treatment of a seizure disorder, presence of neurological disorder, or severe sensory deficit. A minimum of physical, neurological and routine laboratory tests were performed on all patients no more than 1 year prior to assessment.
Symptom assessment was carried out as part of the patients' clinical care and data were obtained from the medical record. Data were used only if raters judged patients to be sufficiently cooperative and cognitively intact for valid interviews. The mean Mini Mental State Exam score in the elderly poor-outcome schizophrenic subjects was 15.
Subjects with OBD Subjects with OBD consisted of patients with dementia (n = 45), including dementia of the Alzheimer type (DAT) (n = 17) and vascular or mixed dementia (n = 28), and stroke patients (n = 31) who were recruited from the Beth Israel Medical Center, New York, USA. These diagnoses were combined into one group largely because they are all primary brain diseases with gross or microscopic brain lesions that may give rise to associated negative and depressive symptoms [4, 13, 19] , as well as for the sake of additional statistical power. Due to some missing data, 66 subjects were used in the current study. OBD subjects were 44-94 years of age (mean age 72.6, SD = 12.34, 57% male). The inclusion criteria for the diagnostic groups were dementia and stroke.
Dementia. Subjects were 45 dementia patients who showed clinical signs of negative symptoms and were recruited from consecutive admissions to medical wards at the Beth Israel Medical Center in New York City. Typically, the subjects were admitted for treatment of infection, were already medically stable at the time of this evaluation, and were awaiting placement when enrolled in this study. All patients were under the care of an internist, a neurologist and a psychiatrist, and all underwent a full neurological evaluation including either CT or MRI of the head. The selection criteria used were similar to the ones described by Sultzer et al. [20] . Seventeen patients met the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association Work Group (NINCDS-ADRDA) criteria for DAT. Twenty-eight presented with clinical dementia, did not meet NINCDS-ADRDA criteria for DAT [21] , had histories of hypertension and showed vascular lesions on CT or MRI scans. Their likely diagnosis was vascular dementia, although in the absence of postmortem histological data, they may have had a combination of vascular dementia and DAT. Patients with acute medical problems, current symptoms of agitation, or symptoms of psychosis were excluded. Toxic, meta-bolic, and infectious causes of dementia were ruled out by clinical examination and laboratory data. Patients' thyroid function tests, vitamin B 12 and folate levels were within normal limits, and the rapid plasma reagin test (syphilis test) was negative. Some patients had histories of agitation or depression and were receiving psychotropic medications, antipsychotics and/or antidepressants. Those who were not agitated or significantly depressed (Hamilton Depression Rating Scale score 6 14) at the time of the intake evaluation were included. None of the subjects had preexisting histories of schizophrenia or substance abuse. The mean Mini Mental State Exam score for subjects with dementia was 17.63.
Stroke. Thirty-one nonaphasic stroke patients were evaluated 3-14 days after the stroke. CT confirmed stroke location in all patients. Strokes were localized as follows: left parietal (n = 5); right parietal or temporoparietal (n = 7); right frontal (n = 2); left basal ganglia (n = 7); right basal ganglia (n = 5); midbrain (n = 1); pons (n = 4). Patients with histories of DSM-III-R axis I psychiatric disorder, Parkinson's disease, or other major central nervous system disorders were excluded. Specifically, none of the patients included in the study met DSM-III-R criteria for major depression. Stroke patients with possible preexisting dementia were included in the study. The mean Mini Mental State Exam score for subjects with stroke was 24.17.
Subjects with MDD Subjects were 75 patients admitted to acute psychiatric units of the Beth Israel Medical Center in New York for treatment of MDD. The average age of patients with MDD was 44.53 (SD = 10.15, 37% male). All patients fulfilled DSM-IV diagnostic criteria for MDD as determined by 2 attending psychiatrists examining the patients independently. All patients gave written informed consent. They all had routine lab tests (e.g. CBC/PLT/Diff, SMA22, U/A, RPR), were treated with either antidepressants or electroconvulsive therapy and were discharged from the inpatient units with at least satisfactory response. No patient with MDD included in this study received antipsychotics. All patients were evaluated with the 17-item Hamilton Depression Rating Scale prior to being scored on the PANSS. Interviews and rating scales were administered and scored by medical doctors and master's level graduate students in psychology, supervised by 2 of the authors.
Assessment
All subjects with schizophrenia, OBD, and MDD were administered the PANSS. The PANSS is a 30-item scale, which includes a 7-item positive scale, a 7-item negative scale, and a 16-item general psychopathology scale that includes ratings of disturbances of mood. Items are rated on a 7-point scale. The PANSS is validated for schizophrenia and is based upon a patient interview and caretaker report. The current study uses the 7-item negative scale and the 5-item depression scale (negative: blunted affect, emotional withdrawal, poor rapport, apathetic social withdrawal, lack of spontaneity, mannerisms, motor retardation; depressive: anxiety, tension, depression, guilt, somatic concern). All raters were trained using videotaped interviews and achieved satisfactory interrater reliability in three ratings (kappa = 0.80). Interrater reliability was determined separately in all three groups. Additionally, the reliability of ratings in the geriatric schizophrenic patients was evaluated in 54 ratings by paired observers at the same interview. The item interclass correlation were uniformly high (interclass correlation coefficient = 0.86-1.00).
Goodness of Fit of the PANSS Model
CFA was used to evaluate two criteria essential to establishing the equivalency of factors between groups. First, the adequacy of a proposed factor model as indicated by various goodness of fit indexes is separately established in each group. Secondly, a between-group comparison is performed to determine if item factor loadings are essentially similar between groups [22] .
The present study used the syndrome models described by White et al. [17] with minor modifications. This was the best-fitting model derived from a sample of patients with schizophrenia, including ambulatory and institutionalized geriatric and nongeriatric patients. The model described in the original study applied to five components taken together and used a complex model with some items having a secondary factor loading. Secondary factor loadings were not used in the present study because we were considering separate PANSS components but not the entire model. The negative syndrome and the depressive syndrome were examined separately.
Statistical Analysis
The data were analyzed using the EQS Structural Equation Modeling Program [23] . Fit was assessed with the comparative fit index (CFI), the maximum likelihood 2 , and the standardized root mean square residual (SRMR). CFI values of 0.95 or greater are desirable and, in the case of the SRMR, a small value indicates a well-fitting model. Values of less than 0.08 are desirable. We also report the reliability for each scale within each group.
Reliability of findings in structural equation modeling, as in principal CFA, may be undermined by the small sample size. The recommended minimum ratio of cases to parameters in the model is 5: 1, but 10: 1 is preferable [23] . Modeling only the primary factor loadings using separate small models with relatively few parameters helped mitigate the small sample sizes in the current study. Because the sample sizes were marginal for the OBD and MDD cohorts, if the single sample modeling of a syndrome indicated a good fit, we planned to use a bootstrap procedure to test the stability of the final parameter estimates [24] . One hundred and twenty separate samples were randomly derived from the specified cohort and the final model was run 120 times using each derived sample [25] . Ninety-five percent confidence intervals were computed for factor loadings and error terms in the final model after the parameters obtained from the 120 analyses were averaged across the randomly selected samples. Sample parameters within the 95% confidence limits determined by the bootstrap replications indicate stability of the findings.
Identification of a well-fitting model in each group is insufficient for establishing the invariance of the factor structure between groups. If a good fit was obtained in single-sample modeling and stability of parameters was supported by bootstrap sampling, two-group multisample comparisons were calculated with the schizophrenia cohort as the reference group. One model constrained item factor loadings to be equal between groups; the other, unconstrained, model left item factor loadings free to vary between the groups. In multiple-sample analyses, the 2 difference between constrained and unconstrained models, based on the difference in degrees of freedom, tests for equivalence of key parameters between the samples (i.e., factor loadings). If the 2 difference is statistically significant then all parameters are not reasonably equal and the groups differ in their relations between the factor and the individual measured variables.
Results
The results of the single-sample models of negative symptoms and depressive symptoms for the schizophrenia, OBD and MDD samples are summarized in table 1 . All fit indexes are excellent and all factor loadings are significant (p ^ 0.001). One correlated error residual was added for all groups between the residuals for emotional withdrawal and apathetic social withdrawal in the negative syndrome scale. For the depression scale, a correlated error residual was added for the OBD group (anxiety and guilt) and the schizophrenia groups (anxiety and tension). No correlated error residuals were necessary for the depression group on the depression scale which, not surprisingly, had the highest factor loadings on the scale of the 3 groups. All reliability coefficients were satisfactory and indicate the reasonableness of using these syndrome scales in these patient groups. Supplementary bootstrap simulations for both the negative syndrome and depression models found item factor loadings, fit indexes, and error terms within 95% confidence limits for the smaller samples suggesting the reliability of parameters for these symptoms. Table 2 summarizes the results of the multisample models contrasting the schizophrenia group versus the OBD and MDD groups, respectively. The 2 differences in most cases were statistically significant indicating that the patterns of item factor loadings were not the same in these samples. Only the contrast between the schizophrenia group and the OBD group for the depression scale was nonsignificant. 
Discussion
The present results establish the applicability of the PANSS negative syndrome model to schizophrenia, OBD, and MDD. Similarly, the PANSS depressive syndrome model described our data well in all diagnostic groups. Because almost all between-group comparisons of the PANSS item factor loadings were significantly different, it is likely that neither the negative nor depressive syndromes in these different diagnostic settings are identical; however, the differences between the OBD and other groups could also be attributed to the insufficient size of the OBD group.
Although it is one of the most widely used psychometric instrument in schizophrenia, the PANSS is infrequently applied to nonschizophrenic psychiatric subjects [12] [13] [14] . The results of the present study indicate that the PANSS is a valid instrument for the assessment of the negative syndrome in schizophrenia, MDD, and OBD. These findings are consistent with previous studies establishing the negative syndrome as an independent dimension in Alzheimer's dementia and stroke [5, 13] . Furthermore, these data seem to be compatible with research of Marin [25] who has proposed a syndrome of apathy, which comprises symptoms almost identical to the negative syndrome [11] , and, similarly, has been described in schizophrenia [26] , Alzheimer's dementia [27] , and Parkinson's disease [19] . However, to what degree particular data from the apathy literature are applicable here must wait quantitative research clarifying the relationship between these two sister constructs.
The findings of the present study suggest that a single instrument may be appropriate for the assessment of a syndrome across diagnostic groups even though expression of the syndrome may not be identical across the groups. One possibility for these differences may be due to limitations of the PANSS itself. Another possibility is that although the syndrome appears to be the same between diagnostic groups there are subtle but real differences. Our findings of subtle differences in the structure of negative symptoms between patients with schizophrenia and MDD are consistent with the findings of Kulhara and Chadda [2] . They reported higher scores on the Scale for the Assessment of Negative Symptoms on ratings of subjective complaints, suggesting greater insight in MDD patients whereas patients with schizophrenia scored higher on alogia, poor eye contact, inappropriate affect, and blocking. Of note, Daneluzzo et al. [14] reported that 'lack of insight' loaded on the negative syndrome factor in schizophrenic subjects but not in bipolar subjects. Perhaps then, the negative syndrome in affective illness is colored by greater cognitive status (e.g. capacity for selfappraisal), resulting in altered expression of select negative symptoms relative to negative symptoms of schizophrenia.
Of interest, the Hamilton Depression Rating Scale [28] , validated and widely used for the assessment of depressive symptoms in MDD, was reported to be inappropriate for such use because of significant overlap of depressive symptoms with both positive and negative symptoms [29] . In contrast, our results demonstrate that the PANSS, although not designed for this specific purpose, can be used for evaluation of depression in both disorders, as well as in stroke and dementia, and retrospectively supports previous work using the PANSS this way [5, 6] .
Thus, in validating the limited use of the PANSS to evaluate both the negative syndrome and the depressive syndrome in schizophrenia, OBD and MDD, we have demonstrated that existing psychometric scales can be used for dimensional evaluation of psychiatric syndromes, even across diverse diagnostic groups. However, in light of current trends toward more dimensional approaches to psychiatric diagnosis, researchers and clinicians should be cautious. For example, the differences that were demonstrated between the structure of PANSS ratings of the negative syndrome in MDD and schizophrenia reinforce the importance of scale validation prior to use in any given population. Because a single instrument may be appropriately used to assess a syndrome across different diagnostic groups does not in itself indicate that the syndromes are the same in the two groups.
Furthermore, the differences between diagnostic groups in the factor structure of both the negative and depressive syndromes seem to justify the current categorical boundaries between the studied diagnostic groups. Our results are consistent with the findings of other authors, according to which depressive and negative syndromes in various psychiatric disorders are clinically different and, hence, derive from different neurobiological mechanisms. For example, in schizophrenia, previous research has found a significant correlation between depressive symptoms and psychosis severity [30] or positive symptoms [31] . Additionally, depressive symptoms frequently remit with antipsychotic treatment alone [32] , and outcomes of pharmacotherapy for depression in schizophrenia have been mixed [33] . These reports, although not probative, are consistent with the hypothesis that in schizophrenia, depression may be an epiphenomenon of psychosis and borne of different neuropathology than in primary depression. This is supported by work by Abel et al. [34] , which demonstrated that administration of D -fenfluramine, a serotonergic agonist, is associated with decreased prolactin in MDD and increased prolactin in schizophrenia. Thus, among these past studies and our own here, there remains no clear evidence that the depressive syndrome arises from similar neurobiological substrates in these two disorders.
The present results need to be considered in light of its limitations. First, because of statistical power considerations, the group of subjects with organic brain pathology was heterogeneous, including both patients with Alzheimer's dementia and those with stroke. Therefore reported differences in syndrome structure between subjects with OBD and the other two groups may have resulted from lack of diagnostic uniformity. On the other hand, this nonconformity only underscores the validity of the PANSS for evaluation of negative and depressive syndromes in patients with OBD. Second, as the mean age of the schizophrenia group is 75.7, this group does not represent a random sample of patients with schizophrenia. However, we think that in our sample of elderly, poor-outcome schizophrenic patients, most of which were in the residual stage of their illness at the time of this study, both depressive and negative symptoms were stabilized and were representative of the genuine schizophrenic process. There is evidence to indicate that in elderly poor-outcome patients with schizophrenia the structure of PANSS items is independent of severity of cognitive impairment [35] and is not significantly different than the symptom structure in younger chronic patients with schizophrenia [17] . Autopsy studies conducted in the same cohort of elderly patients used in the present study find that severity of cognitive impairment is not related to the pathology of Alzheimer's or other known dementias [36] . Third, the sample size was relatively small for the OBD and MDD cohorts, and, although the bootstrap procedure is suggestive of the reliability of results, a larger sample size would be more conclusive and corroborative. Next, the differences in depressive syndrome structure can be attributed to the limitations of the PANSS itself, as, according to several studies, it has questionable validity in the assessment of depressive symptoms in schizophrenia [37, 38] . However, our results met the criteria for a well-fitting model (i.e., CFI greater than 0.95, SRMR less than 0.08) in all three groups, reflecting the appropriateness of the PANSS for the assessment of depressive symptoms in MDD, OBD and schizophrenia. The MDD group in particular had excellent fit statistics validating the usefulness of the depressive symptom subscale among patients with major depression.
Last, our study was limited to the analysis of PANSS scores in schizophrenia, OBD, and MDD. Therefore, although we believe the results of this study have general implications for the current trend toward dimensional diagnostic system development, they must be interpreted as limited to this particular scale and these three neuropsychiatric illnesses. Nevertheless, the disorders investigated in this study are common and represent three major groups of severe psychiatric illnesses (psychotic, affective and cognitive), which increases the importance of the study.
In summary, within its limitations, this is the first study that validates the limited use of the PANSS for evaluation of depressive and negative symptoms in disorders other than schizophrenia. Additionally, in schizophrenia, MDD, and OBD, both negative and depressive syndromes as described by the PANSS are structurally unique, supporting the value of current categorical boundaries, indicating different neurobiological mechanisms and cautioning against treating patients solely based on these syndromes without considering the diagnostic context. We believe larger studies are warranted to validate our findings in broader populations and to further evaluate the relationship between diagnostic categories and structures of psychiatric syndromes.
